The prevalence of first-degree atrioventricular block in the general population is approximately 4%, and it is associated with an increased risk of atrial fibrillation. Cardiac pacing for any indication in patients with first-degree heart block is associated with worse outcomes compared with patients with normal atrioventricular conduction. Among patients with heart failure, first-degree atrioventricular block is present in anywhere between 15% and 51%. Data from cardiac resynchronization therapy studies have shown that first-degree atrioventricular block is associated with an increased risk of mortality and heart failure hospitalization. Recent studies suggest that optimization of atrioventricular delay in patients with cardiac resynchronization therapy is an important target for therapy; however, the optimal method for atrioventricular resynchronization remains unknown. Understanding the role of first-degree atrioventricular block in the treatment of patients with heart failure will improve medical and device therapy. T he electrocardiographic PR interval represents the time taken for electrical conduction from the sinoatrial node, across the right atrium, and through the atrioventricular node to the Purkinje fibers at the cardiac apex. A long PR interval (first-degree heart block) can thus result from slowing at 1 or more of these levels. It may also represent conduction through a slow, rather than a fast, atrioventricular nodal pathway. First-degree atrioventricular block (AVB) is said to be present when the PR interval measured from the surface electrocardiogram is longer than 200 ms. It has a prevalence of 1% to 2% in healthy young adults (age 20 to 30 years) (1), increasing to 3% to 4% at age 60 (2,3). It is present in up to one-half of patients with heart failure eligible for cardiac resynchronization therapy (CRT) (4,5).
PR interval increases progressively with age
(1) and body mass index, and is longer in men compared with women (17) (18) (19) . Mason that is, vagal activity increases both the cycle length and the PR interval (20) . Atrioventricular conduction is also subject to rate-related recovery effects (21) , meaning that during atrial pacing, atrioventricular conduction shortens at faster pacing rates.
When atrial rate is kept constant by atrial pacing, exercise shortens the PR interval (22) .
Twelve percent of trained athletes have firstdegree AVB, which is thought to reflect increased vagal tone (23) . Atrial enlargement and fibrosis (24, 25) cause slowing of atrial conduction with prolongation of the P-wave and predispose to AF (26) . Medical therapy with b-blockers, amiodarone, digoxin, or non-dihydropyridine calcium channel blockers slows atrioventricular conduction, which may limit their use in the presence of pre-existing AVB.
Genome-wide association studies show that there is a significant heritable contribution to PR interval duration. In individuals from Iceland, heritability of the PR interval duration was 40%, and 4 loci for PR interval duration were identified (TBX5, SCN10A, CAV1, and ARHGAP24) (27) . A study in a South Pacific Islander population showed 34% heritability of the PR interval and an association with common variants in SCN5A (28) . A meta-analysis of genome-wide association studies from 7 community-based studies identified 9 loci associated with PR interval duration (MEIS1, SCN5A/SCN10A, ARHGAP24, NKX2-5, CAV1/ CAV2, WNT11, SOX5, ARHGAP24, and TBX5/TBX3) (29) . Five of the 9 loci were also associated with AF, but without a consistent direction of effect. Similarly, in a meta-analysis of the rs7629265 variant of SCN5A in African Americans, there was an association between short PR interval and increased risk of AF (30) .
IS A LONG PR INTERVAL ALWAYS BAD NEWS?
There is conflicting evidence regarding the significance of a long PR interval in the general population (Table 1 ). In the Finish Social Insurance Institution's CHD (Coronary Heart Disease) study of 10,785 participants ages 30 to 59 from 12 different areas in Finland, 2% had a long PR interval (>200 ms). During 35 to 41 years' follow-up, PR interval was not associated with an increase in mortality, hospitalizations, or incidence of AF, heart failure, or stroke (31) Three other studies have similarly found first-degree AVB to be a benign condition in healthy adults (Table 1) (1,2,32). First-degree AVB in healthy adults does not progress to higher degree AVB (32).
By contrast, data from the Framingham study found that 1.6% of the general population had a PR interval >200 ms and that first-degree AVB was associated with an increased risk of all-cause mortality, AF, and pacemaker insertion at 20 years' follow-up (Table 1) (11). Magnani et al. (18) reported that subjects in the highest quartile of PR interval ($182 ms) had a higher mortality than those in the lower 3 quartiles in a cohort of 7,486 subjects from the NHANES III (Third National Health and Nutrition Examination Survey) followed up for a median of 8.6 years. Surprisingly, with longer follow-up of the same cohort, only a short PR interval (<120 ms) was associated with increased all-cause mortality ( Table 1) .
However, a greater contribution of the P-wave duration to the PR interval (P-wave duration to PR interval ratio >0.7) was associated with increased mortality both in the short and long PR interval groups. This means that a wider P-wave (presumably as a result of atrial remodeling and interatrial conduction delay) carries a higher mortality (33).
The ABC (Health, Aging and Body Composition) study among 2,722 patients ages 70 to 79 with no functional disability found an association between increasing baseline PR interval and increasing risk of incident heart failure and AF at 10 years (19) . PR interval duration did not, however, affect 10-year allcause mortality. The prevalence of first-degree AVB in the ABC study population was 12%, which may reflect the participants' older age at baseline (mean 
Outcomes Related to First-Degree Atrioventricular Block A P R I L 2 0 1 6 : 1 8 1 -9 2 hypertrophy, level of fitness, and medication), the contribution of P-wave duration, and the effect of heart rate on PR interval duration. A particular consideration is that fitter people with higher vagal tone are more likely to have a long PR interval and are less likely to have disease. They may dilute any effect among the general population of a positive relation between PR interval and cardiovascular mortality.
Whether first-degree AVB is a marker of subclinical coronary artery disease remains controversial. Rose et al. (2) found no association between first-degree AVB (PR >220 ms) and 5-year coronary heart disease mortality in 18,000 U.K. male civil servants ( Table 1) .
Erikssen et al. (34) reported that in 1,832 middle-aged men without coronary artery disease at baseline and followed up for 7 years, the incidence of cardiovascular events (coronary heart disease death, myocardial infarction, and angina) was not significantly different in patients with at least 1 PR interval measurement $220 ms compared with those with a PR interval consistently #210 ms ( This finding may reflect atrioventricular node dysfunction becoming apparent at higher heart rates. associated with an increased risk of heart failure hospitalization, all-cause mortality, cardiovascular morality, and the combined endpoint of heart failure hospitalization or cardiovascular mortality. The finding may be at least partly explained by the lower left ventricular ejection fraction and history of heart failure in the patients with AVB.
Summary points:
The significance of first-degree AVB in healthy men and women remains uncertain. The majority of studies show that a prolonged PR interval in middle-aged subjects is a benign phenomenon, but it may carry an increased risk in older populations, possibly as a sign of subclinical heart disease. Firstdegree AVB increases the risk of atrial fibrillation (discussed later).
First-degree AVB in healthy adults does not progress to higher degree AVB.
In the presence of coronary artery disease, a long or short PR interval may be associated with worse outcomes. It is unknown whether this relates to ischemia, anatomic remodeling, or autonomic dysfunction. AF ¼ atrial fibrillation; AVB ¼ atrioventricular block; CHD ¼ coronary heart disease; CV ¼ cardiovascular; F/U ¼ follow-up; HF ¼ heart failure.
Nikolaidou et al.
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FIRST-DEGREE AVB IN PATIENTS WITH HEART FAILURE
Heart failure is associated with widespread electrophysiological remodeling of the cardiac conduction system, resulting in reduced RR variability, prolongation of the QRS and PR intervals, and AF. Twenty percent to 35% of patients with heart failure have a long QRS (>120 ms) (40) (41) (42) (43) , and 11% develop left bundle branch block per year (44) . Increasing QRS duration is associated with increasing mortality in patients with heart failure, even when left ventricular ejection fraction is normal (45) . Acute and chronic heart failure are associated with prolongation of atrioventricular conduction and first-degree AVB (4, 5, 9) .
Both in patients with underlying ischemic heart disease and those with non-ischemic cardiomyopathy, approximately one-half of arrhythmic deaths are probably bradycardic in origin, including high-degree AVB (14, (46) (47) (48) . Whether first-degree AVB in heart failure heralds higher degrees of AVB and a bradycardic mode of death is unknown. In a study of 58 patients with heart failure, patients who died had a progressive increase in PR and QRS interval duration compared with stable patients over a median followup of 4.5 years ( Table 2 ) (49). Another study of 85 patients with idiopathic dilated cardiomyopathy identified first-and second-degree AVB as independent risk factors for cardiac death ( Table 2 ) (50). The authors did not examine the effect of first-degree AVB on its own (18% had first-degree and 11% had seconddegree AVB).
In the Korean Heart Failure registry, the prevalence of first-degree AVB (PR >200 ms) was 10% among patients presenting with acute heart failure (26% of the patients had a previous history of heart failure) (9) . First-degree AVB in combination with a long QRS predicted in-hospital cardiac death and allcause mortality ( Table 2 ). In the CARE-HF (Cardiac Resynchronization-Heart Failure) study, 26% of patients with chronic heart failure had PR >200 ms (4).
An analysis of the COMPANION (Comparison of
Medical Therapy, Pacing and Defibrillation in Heart Failure) trial showed that 50% of patients eligible for CRT had first-degree AVB (PR >200 ms) (5).
Two randomized, controlled trials of CRT versus medical therapy have been analyzed for the effect of pre-existing first-degree AVB in patients with advanced heart failure. In the CARE-HF trial, both a longer native PR interval at baseline and a longer PR interval at 3 months (paced PR for the CRT group, native PR for the control group) predicted all-cause mortality and urgent hospitalization for heart failure even after adjusting for CRT ( Table 3 ) (4). In the COMPANION trial, a PR interval >200 ms in the group assigned to medical therapy was associated with a 41% increased risk of all-cause mortality and heart failure hospitalization, whereas no increased risk was seen for patients with first-degree AVB assigned to CRT ( Table 3 , Central Illustration) (5).
HIGHER DEGREE AVB IN HEART FAILURE. Higher degrees of AVB can lead to sudden cardiac death in patients with heart failure. Luu et al. (14) reported that in patients with advanced heart failure awaiting cardiac transplantation, 62% of monitored unexpected sudden cardiac deaths started with bradycardia as the initial rhythm (43% sinus bradycardia, 10% high-degree AVB, and 10% electromechanical Table 1 . Tables 1 and 2. dissociation). In one-half of these bradycardic deaths, a precipitating cause could be identified at postmortem (coronary artery event, pulmonary embolism, hyperkalemia, hypoglycemia), whereas the other one-half were unexplained.
In patients with advanced heart failure who presented with syncope, approximately one-half had an arrhythmic cause of which 14% had high-degree AVB (51), so high-degree AVB was the cause in 7% of patients with advanced heart failure who presented with syncope. During outpatient 2-week ambulatory monitoring in elderly patients with heart failure (mean ejection fraction 49 AE 13%), 6% had highdegree AVB (52) 
Summary points:
First-degree AVB is common in heart failure.
Evidence from CRT trials shows that the presence of first-degree AVB carries a worse prognosis in heart failure with or without CRT.
Higher degrees of AVB are common in heart failure and may lead to bradycardic death.
FIRST-DEGREE AVB AS A RISK FACTOR FOR AF
Both longer PR interval (8, 11, (54) (55) (56) and P-wave duration (54, 57) are predictors of incident AF in the ARIC (Atherosclerosis Risk In Communities), Framingham, and the Copenhagen ECG studies ( Table 1) .
Soliman et al. (54) described an association between increasing PR interval (when considered a continuous variable) and the risk of AF in the population of the ARIC study, which recruited a random sample of residents, ages 45 to 64 years, in 4 U.S. communities.
There was a 41% increase in AF risk with each standard deviation increase in PR interval duration and a 64% increase in AF risk with each standard deviation increase in P-wave duration. An increased risk of AF with PR interval $95th percentile was found in men and women referred for ECG by their general practitioner in the Copenhagen ECG study, whereas a short PR interval (#5th percentile) carried an increased risk of AF for women, but not men (8) . A meta-analysis of 328,932 people found that increasing PR interval duration is an independent risk factor of incident AF (56) . In addition, a long PR interval after radiofrequency ablation of AF predicts future recurrence of AF (58) .
PACING IN THE PRESENCE OF FIRST-DEGREE AVB
In patients with first-degree AVB and PR intervals of <300 ms, pacemaker implantation is rarely justified, unless the patient is symptomatic or has another indication for pacing (59) . The presence of first- First-degree AVB is common in patients with heart failure and may be poorly tolerated due to "diastolic" mitral regurgitation and a reduction in cardiac output (50) . Dual-chamber pacing in heart failure may improve hemodynamics in the short term (76), but in the long term, it leads to worse exercise capacity (77) and increased mortality (78) . Table 3) .
It is possible that MVP leads to worse outcomes by allowing further prolongation of the PR interval (81) .
Some of the patients included in the ICD trials discussed in the preceding text would be eligible for CRT based on current recommendation (82).
Summary point:
When patients with heart failure and first-degree AVB require an ICD, single-chamber ventricular backup pacing is superior to dual-chamber pacing, at least partly due to lower percentage ventricular pacing.
FIRST-DEGREE AVB AND BIVENTRICULAR PACING.
CRT provides atrioventricular as well as interventricular resynchronization and improves survival, left ventricular function, exercise tolerance, and quality of life compared with medical therapy in patients with heart failure, ejection fraction #35%, and a wide QRS (preferably left bundle branch block) (83) (84) (85) (86) . In the CARE-HF trial, first-degree AVB predicted all-cause mortality and heart failure hospitalization even after adjusting for CRT (Table 3 ) (4). By contrast, a subanalysis of the COMPANION trial showed that the increased risk of mortality and heart failure hospitalization associated with first-degree AVB did not persist in patients assigned to CRT (5) . In a retrospective analysis of the Danish Pacemaker Register, Kronborg et al. (13) reported that in 659 patients undergoing CRT implantation, 47% had first-degree AVB and a long native PR interval was an independent predictor of all-cause and cardiac mortality ( Table 3) . In this study, a normal baseline PR interval predicted better response to CRT. Januszkiewicz et al. (87) found an increased risk of heart failure hospitaliza- A retrospective, nonrandomized subanalysis of the MADIT-CRT trial suggested that patients with heart
Outcomes Related to First-Degree Atrioventricular Block Summary points:
Patients with heart failure and another pacing indication benefit from CRT compared with right ventricular pacing.
The optimal method for adjusting atrioventricular delay in CRT remains unknown.
CONCLUSIONS
In the general population, first-degree AVB carries an increased risk of AF. Cardiac pacing for any indication in patients with first-degree heart block is associated with worse outcomes compared with patients with normal PR interval duration. Data from CRT studies have shown that, in patients with heart failure, first-degree heart block is associated with worse outcomes.
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